(D 

Cross Mark 



metal-organic compounds 



Acta Crystallographica Section E 

Structure Reports 
Online 



ISSN 1600-5368 



cafena-Poly[[tetrakis(hexamethyl- 

phosphoramide-«:O)bis(nitrato-K-^O,O0- 
erbium(lll)] [silver(l)-di-/i-sulfido- 
tungstate(VI)-di-//-sulfido]] 

Hongyang Wei,^ Jinfang Zhang** and Chi Zhang** 

^Institute of Molecular Engineering and Advanced Materials, School of Chemical 
Engineering, Nanjing University of Science and Technology, 200 Xiaolingwei, 
Nanjing 21 0094, Jiangsu, People's Republic of China, and "^Institute of Science and 
Technology, Jiangsu University, 301 Xuefu Road, Zhenjiang 212013, People's 
Republic of China 

Correspondence e-mail: chizhang@mail.njust.edu.cn 

Received 29 November 2012; accepted 6 December 2012 

Key indicators: single-crystal X-ray study; T = 150 K; mean fT(N~C) = 0.012 A; 
R factor = 0.047; wR factor = 0.092; data-to-parameter ratio = 18.0. 



In the title compound, {[Er(N03)2(C6HigN30P)4][AgWS4])„, 
the polymeric anionic chain {[AgWSJ^},, extends along [001]. 
The Er"' atom in the cation is coordinated by eight O atoms 
from two bidentate nitrate anions and four hexamethyl- 
phosphoramide ligands in a distorted square-antiprismatic 
geometry. Together with the two nitrate ligands, the cation is 
monovalent, which leads to the anionic chain having a 
[WS4Ag] repeat unit. The polymeric anionic chain has a 
distorted linear configuration, with W— Ag— W and Ag— W— 
Ag angles of 161.37 (2) and 153.548 (12)°, respectively The 
title complex is isotypic with the Y, Yb, Eu, Nd, La, Dy, Sm, Lu 
and Tb analogues. 



N(CH3)2 

(H3C)2N P. o 

\l/ / 
O El- O 

N O'^i ^p^N(CH3b 

<^ n \\ 

O II \ N(CH3)2 

P. N(CH3)2 



I N 



(H3C)2N I N(CH3)2 
N(CH3)2 



Ag 



Experimental 

Crystal data 

[Er(N03)2{C6H,8N30P)4][AgWS4] 

M, = 1428.09 

Monoclinic, P^i/c 

a = 15.763 (3) A 

b = 29.579 (6) A 

c = 11.368 (2) A 

^ = 90.83 (3)° 

Data collection 

Rigaku Satum724+ diffractometer 
Absorption correction: multi-scan 
(CrystalOear; Rigaku, 2008) 
r„i„ = 0.428, r„„, = 0.514 
26753 measured reflections 

Refinement 

R[F^ > 2a{F^)] = 0.047 

wR(F^) = 0.092 

S = 1.08 

9597 reflections 



V = 5299.8 (17) A' 
Z = 4 

Mo Ka radiation 
11 = 4.43 mm"' 
T= 150 K 

0.2 X 0.17 X 0.15 mm 



9597 independent reflections 
8722 reflections with / > 2cr(/) 
K.n, = 0.044 
Standard reflections: 0 



532 parameters 

H-atom parameters constrained 
Ap„^ = 0.91 e A-' 
APmin = -1.04 e A"' 



Related literature 

For one-dimensional Mo(W)/S/Ag anionic polymers, see: Niu 
et at. (2004); Zhang et al. (2010). For their unique properties, 
see: Zhang, Song et al. (2007). For isotypic compounds, see: 
Zhang, Cao et al. (2007); Cao et al. (2007); Zhang, Qian et al. 
(2007); Tang, Zhang & Zhang (2008); Tang, Zhang, Zhang & 
Lu (2008); Zhang (2010); Zhang (2011fl,&); Zhang (2012fl,fo). 



Data collection: CrystalClear (Rigaku, 2008); cell refinement: 
CrystalClear; data reduction: CrystalClear, program(s) used to solve 
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine 
structure: SHELXTL; molecular graphics: SHELXTL; software used 
to prepare material for publication: SHELXTL. 

This work was supported by the National Natural Science 
Foundation of China (No. 50472048) and the Program for New 
Century Excellent Talents in Universities (NCET-05-0499). 



Supplementary data and figures for this paper are available from the 
lUCr electronic archives (Reference: RZ5031). 
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cafe/7a-Poly[[tetrakis(hexamethylphosphoramide-A(-0)bis(nitrato- 
ic^O,O0erbium(lll)] [silver(l)-di-//-sulfido-tungstate(VI)-di-^-sulfido]] 

Hongyang Wei, Jinfang Zhang and Chi Zhang 

Comment 

One-dimensional Mo(W)/S/Ag anionic polymers have attracted much attention for their configurational isomerism (Niu 
et al, 2004; Zhang, Meng et al, 2010) and unique properties as functional materials, such as third-order nonlinear optical 
(NLO) materials (Zhang, Song et al, 2007). Different solvent-coordinated rare-earth cations proved effective to obtain 
various configurations of anionic chains (Niu et al, 2004). The title compound, {[Er(hmp)4(N03)2][WS4Ag]}n (hmp = 
hexamethylphosphoramide) with a wave-like anionic chain, was prepared by following such route using Er(III)-hmp 
complex as counterion. 

The title complex is isostructural with Y (Zhang, Cao et al, 2007; Zhang, 201 la), Yb (Cao et al, 2007), Eu (Zhang, 
Qian et al, 2007), Nd (Tang, Zhang & Zhang, 2008), La (Tang, Zhang, Zhang & Lu, 2008), Dy (Zhang, 2010), Sm 
(Zhang, 2Q\\b), Lu (Zhang, 2012a) and Tb (Zhang, 2012i) isomorphs. Er'" in the cation is coordinated by eight O atoms 
from two nitrate and four hmp ligands. In possession of two nitrate ligands, the cation in the title compound is univalent 
(Fig. 1), which leads to an anionic chain with a univalent repeat unit. As illustrated in Fig. 2, the anionic chain in the title 
compound has a distorted linear configuration with W — ^Ag — andAg — — ^Ag angles of 161.37 (2) and 
153.548 (12)°, respectively. 

Experimental 

1 mmol Agl was added to a solution of [NH4]2WS4 (1 mmol in 10 ml hmp) with thorough stirring for 30 minutes. The 
solution underwent an additional stir for two minute after 0.5 mmol Er(N03)3.6H20 was added. After filtration the orange 
filtrate was carefiiUy laid on the surface with 15 ml /-PrOH. Orange block crystals were obtained after about one week. 

Refinement 

H atoms were positioned geometrically and refined with riding model, with Uiso = 1.5L'eq(C) and 0.96 A for C — H bonds. 
Computing details 

Data collection: CrystalClear (Rigaku, 2008); cell refinement: CrystalClear (Rigaku, 2008); data reduction: CrystalClear 
(Rigaku, 2008); program(s) used to solve structure: SHELXTL (Sheldrick, 2008); program(s) used to refine structure: 
SHELXTL (Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); software used to prepare material for 
pubhcation: SHELXTL (Sheldrick, 2008). 
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Figure 1 

The molecular structure of the cation in the title compound, with 30% probability displacement ellipsoids. All H atoms 
have been omitted. 
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Figure 2 

The molecular structure of a portion of the anionic chain in the title compound, with 30% probability displacement 
ellipsoids. Symmetry code: (i) x,-y + l/2,z + 1/2. 

cafe/ja-Poly[[tetral<is(hexamethylphosphoramide-/fO)bis(nitrato- ft^O,0')erbium(lll)] [silver(l)-di-;/-sulfido- 
tungstate(VI)-di-/y-sulfido]] 

Crystal data 

[Er(N03)2(C6Hi8N30P)4][AgWS4] 
Mr= 1428.09 
Monoclinic, P2i/c 
Hall symbol: -P 2ybc 
fl= 15.763 (3) A 
b = 29.579 (6) A 
c= 11.368 (2) A 
yff= 90.83 (3)° 
K= 5299.8 (17) A^ 
Z=4 

Data collection 

Rigaku Satum724+ 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 

CO scans 

Absorption correction: multi-scan 

(CrystalClear; Rigaku, 2008) 
r^.„ = 0.428, r„,^ = 0.514 

Refinement 

Refinement on 
Least-squares matrix: full 
R[F^ > 2c7(7^)] = 0.047 
wRiF^) = 0.092 
S= 1.08 
9597 reflections 
532 parameters 
0 restraints 



F(000) = 2828 

Z),= 1.790 Mgm-3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 16527 reflections 

(9 = 3.2-29.1° 

ju = 4.43 mm"' 

T= 150 K 

Block, orange 

0.2 X 0.17 X 0.15 mm 



26753 measured reflections 
9597 independent reflections 
8722 reflections with / > 2(7(7) 
i?i„. = 0.044 

= 25.4°, e mm -J.^ 
/i = -15^18 
k= -35^33 
/ = -13^11 



Primary atom site location: structure-invariant 

direct methods 
Secondary atom site location: difference Fourier 

map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
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w = y[a^{Fj) + (0.024P)2 + 26.5377/'] Ap^^ = 0.91 e A-^ 

where P = {Fo^ + 2F,^)/3 Ap„^ = - 1 .04 e A"' 

(A/<t)^ = 0.001 

Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F^ against ALL reflections. The weighted 7?-factor wR and goodness of fit S are based on F^, 
conventional i?-factors R are based on F, with F set to zero for negative F^. The threshold expression of > ct(F^) is used 
only for calculating i?-factors(gt) etc. and is not relevant to the choice of reflections for refinement, ./^-factors based on F^ 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 
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All ^* 

0.116* 


TT1 n/~^ 

H17C 


A 'J C 

0.3735 


0.1507 


-0.1796 


All ji^* 

0.116^ 


C18 


A TllA /I IN 

0.2210 (11) 


A 1 ATA / C\ 

0.1070 (5) 


A TAOO /A\ 

-0.3088 (9) 


0.127 (6) 


T T 1 O A 

HloA 


A 1 ^ /I C 

0.2645 


A A A A O 

0.0948 


A T znn 

—yj.ioU 


A 1 AA* 

0.190* 


HI SB 


A 1 A'> 

0.1932 


A 1 1 1 C 

0.1315 


-0.3492 


A 1 AAsk 

0.190* 


TT1 

H18C 


A 1 om 

0.1 oOJ 


A AO T A 

0.0839 


A 1 A 1 

—0.2916 


A 1 AAA 

0.190* 


1 n 

C19 


A A^AT /CN 

-0.0203 (5) 


0.0279 (3) 


A 1 T O C /I A\ 

0.1385 (10) 


0.067 (3) 


TT1 C\ A 

H19A 


A AT^C 

—0.0725 


A A 1 O >l 

0.0184 


A 1 A 1 1 

0.1013 


A 1 AA* 
0.100* 


H19B 


A AA'^O 

-0.0028 


0.0056 


A 1 Ad 

0.1953 


A 1 AA* 

0.100* 


XJ1 ctr^ 


A AOOT 

O.Ozz / 


A A1 1 1 

0.03 1 1 


A AOA1 

0.0803 


A 1 AA* 

0.100 


C20 


-0.1227 (5) 


A A O AO / A\ 

0.0803 (4) 


0.2196 (11) 


f\ r\o A / A\ 

0.084 (4) 


Ty^A A 

HzOA 


A 1 C70 

—0.1578 


A A^ 1 O 

0.0618 


A 1 ZTA'? 

0.1693 


0.126* 


H20B 


-0.1341 


0.1116 


A 'I A /I A 

0.2040 


0.126* 


H20C 


A 1 T /I "7 

-0.1347 


A AT) n 


A T A AT 

0.3003 


0.126* 


C21 


A A /I O C //'\ 

0.0485 (6) 


A 1 O O \ 

0.1832 (3) 


0.3428 (12) 


A AO C / /I \ 

0.085 (4) 


Ty^ 1 A 


A A'^ C A 

0.0259 


0.2122 


A '> 1 1 

0.3211 


0.127* 


H21B 


0.1093 


0.1842 


0.3405 


A 1 "TT A 

0.127* 


HzlC 


A AIAA 

o.oioy 


A 1 ncn 


A A 1 An 

0.4209 


A 1 

0.12 /* 




A A1 'I O /0\ 

—0.0138 (8) 


A 1 ^A 1 

0.1691 (4) 


A 1 CAA /1 A\ 

0.1509 (10) 


A AA"^ / A\ 

0.092 (4) 


H22A 


—0.0252 


A OAAT 

0.2007 


0.1623 


A 1 '> O * 

0.138* 


H22B 


-0.0651 


0.1540 


0.1266 


A 1 o o ste 

0.138* 


HzzC 


A AOCI 


A 1 /CCC 

O.lojj 


A AA 1 1 

0.0913 


A 1 1 O * 

0.138* 


C23 


0.0923 (5) 


A A /I OA /■^N 

0.0480 (3) 


0.4562 (8) 


A AO /'*\\ 

0.053 (2) 


H23A 


A AO TT 

0.0877 


0.0466 


0.5403 


A AT A A 

0.079* 


H23B 


0.1509 


0.0514 


0.4358 


A AT A A 

0.079* 


H2jC 


A nnni 
0.0/03 


A ATAT 
0.020/ 


A /m A 


A ATA* 
0.0/9* 


C24 


A Aom 
— 0,02yi (/) 


0.0965 (4) 


0.4838 (9) 


A AOC 

0.085 (4) 


rlz4A 


A A1 /TA 

— u.uioy 


A AQOT 


U.J642 


A 1 

U.12 / 


H24B 


A ATTI 

—0.0 / / I 


A ATA /I 
0.0/94 


A /I C C A 

0.4559 


A 1 OT* 

0.12/* 


Hz4C 


A r\A 1 o 

—0.0418 


A 1 OC) 

O.i2o2 


0.4/8/ 


A 1 TT* 

0.12 /* 


W1 

VV 1 


W. / OJJZJ 11 / 1 


0 997488 (Ci\ 


U.JZOJi \^) 


0 09 1 84 ('8^ 


Agl 


0.78222 (4) 


0.26566 (2) 


0.28700 (5) 


0.03871 (16) 


SI 


0.78533 (12) 


0.18464 (6) 


0.36793 (16) 


0.0312(4) 


S2 


0.78321 (13) 


0.30066 (6) 


0.48679 (17) 


0.0361 (5) 


S3 


0.66880 (12) 


0.21148 (7) 


0.62708 (17) 


0.0353 (4) 


S4 


0.89701 (12) 


0.21219(7) 


0.63272 (17) 


0.0382 (5) 
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Atomic displacement parameters (A^) 







jjn 










Erl 


0.01984 (16) 


0.01636(16) 


0.02925 (18) 


0.00031 (11) 


0.00027 (13) 


0.00062 (13) 


PI 


0.0344 (10) 


0.0222 (10) 


0.0347 (11) 


0.0047 (8) 


0.0069 (9) 


0.0060 (8) 


P2 


0.0217 (9) 


0.0340(11) 


0.0293 (10) 


-0.0055 (8) 


-0.0002 (8) 


-0.0064 (8) 


P3 


0.0588 (14) 


0.0271 (11) 


0.0324(11) 


0.0096 (9) 


-0.0183 (10) 


-0.0012 (9) 


P4 


0.0204 (9) 


0.0275 (10) 


0.0425 (12) 


0.0011 (7) 


0.0024 (8) 


-0.0075 (9) 


01 


0.037 (3) 


0.016 (2) 


0.033 (3) 


0.003 (2) 


0.001 (2) 


0.002 (2) 


02 


0.023 (2) 


0.025 (3) 


0.033 (3) 


0.0008 (19) 


0.001 (2) 


0.001 (2) 


03 


0.033 (3) 


0.030 (3) 


0.036 (3) 


0.000 (2) 


-0.005 (2) 


0.005 (2) 


04 


0.023 (2) 


0.026 (3) 


0.045 (3) 


0.003 (2) 


0.004 (2) 


-0.004 (2) 


05 


0.026 (3) 


0.026 (3) 


0.048 (3) 


0.002 (2) 


-0.004 (2) 


-0.007 (2) 


06 


0.024 (3) 


0.028 (3) 


0.040 (3) 


0.000 (2) 


0.003 (2) 


-0.002 (2) 


07 


0.056 (4) 


0.051 (4) 


0.048 (4) 


0.004 (3) 


-0.005 (3) 


-0.026 (3) 


08 


0.038 (3) 


0.025 (3) 


0.043 (3) 


0.004 (2) 


-0.001 (3) 


0.000 (2) 


09 


0.044 (3) 


0.023 (3) 


0.032 (3) 


0.001 (2) 


0.005 (2) 


0.001 (2) 


OlO 


0.100 (5) 


0.045 (4) 


0.053 (4) 


0.018(4) 


-0.009 (4) 


-0.020 (3) 


Nl 


0.027 (3) 


0.031 (3) 


0.039 (4) 


0.003 (3) 


-0.005 (3) 


-0.007 (3) 


N2 


0.047 (4) 


0.029 (4) 


0.040 (4) 


0.005 (3) 


-0.001 (3) 


-0.009 (3) 


N3 


0.052 (4) 


0.029 (3) 


0.030 (4) 


0.005 (3) 


0.006 (3) 


0.005 (3) 


N4 


0.059 (5) 


0.025 (3) 


0.054 (5) 


-0.009 (3) 


0.024 (4) 


-0.007 (3) 


N5 


0.043 (4) 


0.043 (4) 


0.056 (5) 


0.019(3) 


0.015 (3) 


0.021 (4) 


N6 


0.037 (4) 


0.036 (4) 


0.064 (5) 


-0.004 (3) 


0.014 (3) 


0.013 (3) 


N7 


0.020 (3) 


0.045 (4) 


0.031 (3) 


0.001 (3) 


0.001 (3) 


-0.003 (3) 


N8 


0.036 (4) 


0.069 (5) 


0.039 (4) 


0.000 (3) 


-0.003 (3) 


-0.022 (4) 


N9 


0.072 (6) 


0.043 (5) 


0.101 (7) 


0.019 (4) 


-0.055 (5) 


0.000 (5) 


NIO 


0.092 (6) 


0.030 (4) 


0.033 (4) 


0.012 (4) 


0.002 (4) 


0.011 (3) 


Nil 


0.092 (6) 


0.049 (5) 


0.049 (5) 


0.025 (4) 


0.003 (5) 


-0.009 (4) 


N12 


0.023 (3) 


0.053 (4) 


0.058 (5) 


0.000 (3) 


0.006 (3) 


-0.032 (4) 


N13 


0.039 (4) 


0.034 (4) 


0.070 (5) 


0.003 (3) 


0.009 (4) 


-0.010 (4) 


N14 


0.037 (4) 


0.058 (5) 


0.038 (4) 


0.010 (3) 


0.000 (3) 


-0.004 (3) 


CI 


0.067 (6) 


0.040 (5) 


0.057 (6) 


0.015 (4) 


0.020 (5) 


0.024 (4) 


C2 


0.067 (6) 


0.053 (6) 


0.042 (5) 


0.009 (5) 


-0.001 (5) 


0.013 (5) 


C3 


0.097 (8) 


0.055 (6) 


0.077 (8) 


-0.023 (6) 


0.010 (7) 


-0.030 (6) 


C4 


0.062 (7) 


0.086 (8) 


0.104(10) 


-0.018 (6) 


0.003 (7) 


-0.033 (7) 


C5 


0.034 (5) 


0.059 (6) 


0.086 (8) 


0.003 (4) 


-0.010 (5) 


-0.008 (6) 


C6 


0.091 (8) 


0.057 (6) 


0.083 (8) 


0.038 (6) 


0.035 (6) 


0.025 (6) 


C7 


0.060 (6) 


0.049 (6) 


0.072 (7) 


-0.021 (5) 


0.026 (5) 


0.008 (5) 


C8 


0.069 (7) 


0.035 (5) 


0.103 (9) 


-0.004 (5) 


0.018(6) 


0.022 (5) 


C9 


0.034 (5) 


0.072 (6) 


0.050 (6) 


0.005 (4) 


-0.004 (4) 


-0.011 (5) 


CIO 


0.030 (4) 


0.054 (5) 


0.036 (5) 


-0.002 (4) 


0.010(3) 


-0.013 (4) 


Cll 


0.061 (7) 


0.091 (8) 


0.102 (9) 


-0.002 (6) 


-0.024 (6) 


-0.070 (8) 


C12 


0.052 (6) 


0.160(12) 


0.043 (6) 


0.016(7) 


-0.011 (5) 


-0.003 (7) 


C13 


0.068 (7) 


0.062 (7) 


0.116(10) 


0.001 (6) 


-0.045 (7) 


-0.012 (7) 


C14 


0.111 (10) 


0.074 (8) 


0.108(10) 


0.036 (7) 


-0.065 (8) 


-0.002 (7) 


C15 


0.077 (6) 


0.026 (4) 


0.043 (5) 


0.009 (4) 


0.010 (5) 


-0.001 (4) 


C16 


0.172(13) 


0.057 (7) 


0.047 (7) 


0.024 (7) 


0.034 (7) 


0.022 (5) 


C17 


0.100 (9) 


0.075 (7) 


0.059 (7) 


0.034 (7) 


0.035 (6) 


0.008 (6) 


C18 


0.217(17) 


0.130(12) 


0.034 (6) 


-0.022 (12) 


0.002 (8) 


-0.046 (7) 
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U.Ud4 {O) 


A 1 A 1 /'0\ 

0.101 [y) 


A AA^ t A\ 

— O.OOj (4) 


A AAC 

O.OOd (j ) 


A A/1 T /'/^\ 

— 0.04z (0) 






A 1 1 A /A\ 

U.llO (y) 


A 1 1 /i /I A\ 

0.114 (10) 


A A A 1 /'C\ 
0.001 (D) 


A AA1 

0.003 (j) 


— O.O/o (o) 




O.Ojz (o) 


A A'3'7 
V.KJJ 1 \p) 


O.lOJ (13) 


A A1 1 t A\ 

—0.011 (4) 


A AOA i'n\ 

o.ozy (/) 


A A/1 A /'TA 

— o.o4y ( /) 




A 1 f\1 /'A\ 

U.1U3 (y) 


0.063 \JS) 


A AA1 few 

o.oyi (y) 


A ACO tn\ 
O.ODo (/) 


A A'3 1 
0.031 (/) 


A A'3'7 /''7\ 
0.03/ (/) 




A A/1 A /'^^ 

U.U4U {p) 


A ATO fn\ 
0.0 /o ( / J 


A A/IA /'^\ 
0.040 (3) 


A AAO /'C\ 

— O.OOz (D) 


A A AO 

O.OOZ (4) 


A AAC 

O.OOj (j) 




A A/^n /TA 


A 1 /I A\ 
0.1Z6 (10) 


A ACO 

O.Odo (/) 


A Ayl C /'7\ 
0.04D (/) 


A A1 A 

o.oiy (o) 


A A 1 o /'n\ 
— O.OlZ (/) 


W1 

VV 1 


yj.KJZ, / IJ ylO) 






0 OO')^^ /'1 1^ 


—0 00'?14 (\ \ \ 


—0 00004 (^ 1 


Agl 


0.0607 (4) 


0.0356 (3) 


0.0198 (3) 


0.0003 (3) 


-0.0010(3) 


0.0023 (2) 


SI 


0.0455 (11) 


0.0234 (9) 


0.0246 (9) 


-0.0004 (8) 


0.0008 (8) 


-0.0048 (7) 


S2 


0.0564 (13) 


0.0218 (9) 


0.0301 (10) 


0.0037 (8) 


0.0015 (9) 


-0.0032 (8) 


S3 


0.0301 (10) 


0.0457 (12) 


0.0301 (10) 


-0.0059 (8) 


0.0016 (8) 


-0.0020 (9) 


S4 


0.0353 (11) 


0.0491 (12) 


0.0300 (10) 


0.0155 (9) 


-0.0064 (9) 


-0.0044 (9) 



Geometric parameters (A, °) 



Erl— 03 


2.225 (5) 


C6— H6A 


0.9600 


Erl— 04 


2.235 (5) 


C6— H6B 


0.9600 


Erl— 02 


2.237 (4) 


C6— H6C 


0.9600 


Erl— 01 


2.256 (4) 


C7— H7A 


0.9600 


Erl— 09 


2.428 (5) 


C7— H7B 


0.9600 


Erl— 05 


2.460 (5) 


C7— H7C 


0.9600 


Erl— 08 


2.460 (5) 


C8— H8A 


0.9600 


Erl— 06 


2.468 (5) 


C8— H8B 


0.9600 


Erl— N2 


2.863 (6) 


C8— H8C 


0.9600 


Erl— Nl 


2.872 (6) 


C9— H9A 


0.9600 


PI— 01 


1.476 (5) 


C9— H9B 


0.9600 


PI— N5 


1.634 (7) 


C9— H9C 


0.9600 


PI— N4 


1.644 (7) 


CIO— HlOA 


0.9600 


PI— N3 


1.646 (6) 


CIO— HlOB 


0.9600 


P2— 02 


1.489 (5) 


CIO— HIOC 


0.9600 


P2— N8 


1.609 (7) 


Cll— HllA 


0.9600 


P2— N7 


1.634(6) 


Cll— HUB 


0.9600 


P2— N6 


1.633 (7) 


Cll— HllC 


0.9600 


P3— 03 


1.481 (5) 


C12— H12A 


0.9600 


P3— Nil 


1.593 (8) 


C12— H12B 


0.9600 


P3— NIO 


1.610(7) 


C12— H12C 


0.9600 


P3— N9 


1.640 (8) 


C13— H13A 


0.9600 


P4— 04 


1.494 (5) 


C13— H13B 


0.9600 


P4— N13 


1.619(7) 


C13— H13C 


0.9600 


P4— N12 


1.620 (6) 


C14— H14A 


0.9600 


P4— N14 


1.653 (7) 


C14— H14B 


0.9600 


05— Nl 


1.260 (8) 


C14— H14C 


0.9600 


06— Nl 


1.266 (7) 


C15— H15A 


0.9600 


07— Nl 


1.223 (8) 


C15— H15B 


0.9600 


08— N2 


1.262 (8) 


C15— H15C 


0.9600 


09— N2 


1.269 (8) 


C16— H16A 


0.9600 


OlO— N2 


1.208 (8) 


C16— H16B 


0.9600 


N3— C2 


1.438 (10) 


C16— H16C 


0.9600 


N3— CI 


1.476 (9) 


C17— H17A 


0.9600 


N4— C3 


1.429 (12) 


C17— H17B 


0.9600 
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N4 — C4 


1.47z (Iz) 


C17 — H17C 


0.9600 


N5 — C5 


1.442 (11) 


/—I 1 O T T 1 O A 

C18 — H18A 


0.9600 


N5 — Co 


1 /no /I 1 \ 

1.473 (11) 


/~1 1 O TT 1 OT^ 

C18 — H18B 


A AzTAA 

0.9600 


No — C7 


1.446 (10) 


^ 1 O TT1 

CI 8 — H18C 


A AZTAA 

0.9600 


No — Co 


1 /I / 1 1 \ 
1.462 (11) 


/^1A TT1AA 

CI 9 — rll9A 


A A£AA 

0.9600 


N7 — C9 


1.463 (9) 


/-II A TT1 AT~* 

C19 — tll9B 


0.9600 


N7 — CIO 


1 /IT A /A\ 

1.470 (9) 


1 A TT1 A/~^ 

C19 — ^H19C 


A A/: A A 

0.9600 


N8 — C12 


1.433 (13) 


/- ■> ^ t\ TT'IA A 

C20 — H20A 


0.9600 


N 0 — C 1 1 


1 /I TA / 1 

1.470 (Iz) 


C20 — H20B 


A AZTAA 

0.9600 


N9 — C13 


1.425 (12) 


/~^TA TyiA/^ 

C20 — H20C 


0.9600 


N9 — C14 


1.464 (11) 


1 TT*^ 1 A 

C21 — ^H21A 


A AZ'AA 

0.9600 


NIO — C15 


1.461 (10) 


C21 — H21B 


0.9600 


NIO — Clo 


1 An ^ 

1.471 (11) 


C21 — ^H21C 


A A^AA 

0.9600 


Nil — C17 


1.430 (13) 


C22 — H22A 


A A/T AA 

0.9600 


Nil — C18 


1.482 (12) 


/"^'^'^ TTT^T^ 

C22 — H22B 


0.9600 


N12 — C19 


1 /I /I /I / 1 A\ 

1.444 (10) 


C22 — H22C 


0.9600 


Nlz — CzO 


1 /I O / 1 A\ 

1.468 (10) 


C2i — H23A 


0.9600 


N13 — C21 


1.445 (11) 


C23 — ^H23B 


0.9600 


N13 — C22 


1.463 (12) 


C23 — H23C 


0.9600 


N14 — C23 


1 /I C A / 1 A\ 

1.450 (10) 


/~^'^ A jy^ A A 

C24 — H24A 


A AZIAA 

0.9600 


XT 1/1 /I 

N14 — C24 


1.457 (11) 


r^'^ A TT'^/IT^ 

C24 — H24B 


0.9600 


TT1 A 

CI — HIA 


A A /T A A 

0.9600 


C24 — H24C 


A A/T AA 

0.9600 


CI — HIB 


0.9600 


Wl — S4 


1 AAA /I A\ 

2.1909 (19) 


CI — HlC 


0.9600 


W 1 — SI 


L.LWi (18) 


C2 — HzA 


0.9600 


W 1 — Sj 


Z.ZOd (2) 


C2 — H2B 


0.9600 


Wl — S2 


1 A O /I A\ 

2.2108 (19) 


Cz — HzC 


A AzTAA 


Wl — Agl 


c\ An A fo\ 

2.9474 (8) 


C3 — H3A 


A A^AA 

0.9600 


W 1 — Agl' 


2.9685 (8) 


CJ — HJB 


0.9600 


Agl — sz 


ZAyb (2) 


C3 — H3C 


0.9600 


Agl — SI 


'I C /' n A /I A\ 

2.5674 (19) 


C4— H4A 


0.9600 


Agl— S3" 


2.620 (2) 


C4— H4B 


0.9600 


Agl— S4" 


2.621 (2) 


C4 — H4C 


0.9600 


A ™ 1 11 7 1 ii 
Agl — W 1 


2.9065 (o) 


C5 — H5A 


0.9600 


S3 — Agl' 


L.^LYi (2) 


C5 — H5B 


0.9600 


S4 — AgP 


2.621 (2) 


C5 — H5C 


A A^AA 

0.9600 






03 — Erl — 04 


OO /'T /10\ 

88.67 (18) 


N5 — C5 — H5C 


109.5 


03 — Erl — 02 


A^ O O /I 'TX 

92.88 (17) 


TTC A C U C 

H5A — C5 — H5C 


109.5 


U4 — Erl — U2 


157.15 (17) 


H5B — C5 — H5C 


1 AA C 

109,5 


T7„1 

03 — Erl — Ul 


157.85 (17) 


TvTC /^/T TTzT A 

N 5 — Co — Ho A 


1 AA C 

109.5 


04 — Erl — 01 


93.63 (17) 


N5 — C6 — H6B 


109.5 


02 — Erl — Ol 


A'O A A /"X /'\ 

93.44 (16) 


TTZT A TT/TT^ 

H6A — C6 — H6B 


1 AA ^ 

109.5 


/^'j CI /^n 

Oj — Erl — 09 
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Symmetry codes: (i) x, -y+l/2, z+1/2; (ii) x, -y+l/2, z-1/2. 
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